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Japanese Patent Application Laid-open No. 6-277847 

[Title of the Invention] TIG welding method of stainless steel 

[Abstract] 

[Purpose] To present TIG welding method capable of suppressing abnormal consumption 
of tungsten electrode and obtaining deep weld penetration even in material of high purity. 
[Constitution] Using a gas nozzle of TIG welding torch of caliber size of 4 to 7 mm^^ in 
diameter, welding is conducted at flow rate of 30 L/m or more of welding shielding gas of 
inert gas such as helium or argon mixed with oxygen by 400 to 1500 ppm by volume* 

[Claim] 

1. A TIG welding method of stainless steel characterized by using a gas nozzle 
of TIG welding torch of caliber size of 4 to 7 mm^ in diameter, welding at flow rate of 30 
IVm or more of welding shielding gas of inert gas such as helium or argon mixed with 
oxygen by 400 to 1500 ppm by volume. 



shielding with inert gas such as helium or argon, by using tungsten electrode, and 
generally the penetration of welding is said to be better when the characteristic value D/W 
is greater as the ratio of welding bead width W of weld zone surface and the depth D of 
weld penetration. 

When melting iron or steel material, its mode of penetration is known to vary 
with the composition of the materiaL For example, according to the article entitled 
"Mode of penetration of solid iron sample by plasma heating" by Mr. Mukai et al. in 
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[Detailed Description of the Invention] ggj 

[Technical Field] ^ 

< 

The present invention relates to TIG welding method of welding stainless steel. ^ 

[Background Art] |— 

CO 

TIG welding is a welding method of melting base metal by arc heat while LU 
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Journal of Japan Society of Metallurgy Vol. 55, No. 1 (pp. 36-43, 1991), the mode of 
penetration varies with the impurity contents of sulfur and oxygen in the material. That 
is, from the boundary of 50 ppm in sulfur content and 70 ppm in oxygen amount, the 
direction of flow of molten material changes from the outward flow in Fig. 3 to the inward 
flow in Fig. 4, and as the mode of penetration, the performance of penetration is better 
when these impurities are higher in content. 

As for selection of material, on the other hand, the material is often selected only 
on the basis of high purity of metal lowered in impurities so as to obtain desired material 
characteristic. Therefore, when welding a material of lower contents of impurities in the 
material composition, the conventional TIG welding has its limit in penetration as shown 
in Fig. 3. 

[Problem to Be Solved by the Invention] 

Accordingly, to improve weld penetration, a method of adding oxygen to the 
welding shielding gas may be considered. Generally, as a welding method of mixing 
oxygen in welding shielding gas, traditionally, a semiautomatic welding method using 
CO2-O2 mixed gas has been known. This welding method is a consumable electrode 
method of melting the electrode, which is basically different from the TIG welding of 
non-consumable electrode method. Besides, when oxygen is mixed into the shielding gas 
of TIG welding, since oxygen is an active gas, the tungsten electrode may be consumed 
abnormally. If too much oxygen is mixed, the weld zone may be oxidized, and the quality 
may be spoiled. 

In the light of the background mentioned above, it is an object of the invention to 
present a TIG welding method capable of obtaining a deep penetration of welding even in 
a material of high purity while suppressing abnormal consumption of tungsten electrode. 
[Means for Solving Problems] 

The invention is characterized by using a gas nozzle of TIG welding torch of 
caliber size of 4 to 7 mm^ in diameter, welding at flow rate of 30 L/m or more of welding 
shielding gas of inert gas such as helium or argon mixed with oxygen by 400 to 1500 ppm 
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by volume. 
[Operation] 

penetration of welding is improved by the oxygen mixed in the welding shielding 
gas, and the tmigsten electrode is cooled quickly by the shielding gas at high flow velocity, 
so that consumption of electrode is decreased. 
[Embodiments] 

In high purity material, if the o^gen and sulfur contents in the material are less 
than about 50 ppm each, penetration of welding in TIG welding is generally poor. To 
improve the penetration, a trace amount of oxygen was mixed in inert gas used in TIG 
welding, and the penetration of welding was tested. As a result, in stainless steel material, 
penetration was improved by mixing 400 to 1500 ppm of oxygen in welding shielding gas. 
If the oxygen is mixed by more than 1000 ppm, the penetration improving effect tends to 
be saturated, and if oxygen is mixed more than necessary, the oxygen amount in the weld 
metal is increased. It is hence appropriate to limit the amount of oxygen in the welding 
shielding gas in a range of 400 to 1500 ppm from the viewpoint of improving the 
penetration of welding. 

On the other hand, in ordinary TIG welding, in the case of welding at welding 
current of 100 A, for example, it is general to define the gas nozzle caliber at 9 to 11 mm in 
diameter, and the flow rate of supply of welding shielding gas at 5 to 10 L/m. By using 
the shielding gas with trace amount of oxygen of 400 to 1500 ppm, when welded in such 
condition of gas nozzle caliber and flow rate of welding gas, the tungsten electrode is 
abnormally consumed due to effects of oxygen, and it is far from practical. 

To prevent abnormal consumption of tungsten electrode and improve to a 
practical level, it has been found effective to reduce the gas nozzle caliber to 4 to 7 mm^ in 
diameter at the flow rate of welding shielding as or 30 L/m or more. That is, by thus 
reducing the gas nozzle caliber, the shielding gas is enhanced in flow rate, and the tungsten 
electrode is cooled quickly, so that consumption is substantially suppressed. 

Fig. 1 is a block diagram of TIG welding apparatus, in which inert gas and 
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oxygen gas are supplied from inert gas cylinder 1 and oxygen cylinder 2 into a gas mixing 
tube 5 by way of inert gas and oxygen as flow meters 3a, 3b and flow throttle valves 4a, 4b, 
respectively, and oxygen and inert gas are mixed at specified rate. The mixed as mixed in 
the gas mixing tube 5 is supplied from a gas nozade 7 of a welding torch 6 toward a welding 
base metal 8. Reference numeral 9 is a TIG welding power supply, and 10 is a tungsten 
electrode. 

Fig. 2 shows results of welding of SUS316 stainless steel by this apparatus. 

Fig. 2 (a) is a photograph by conventional welding method, showing metal 
structure of section of weld zone of sample welded in the condition of inert gas flow rate of 
7.5 L/min and gas nozzle caliber of 11 mm in diameter. In the mode of penetration of 
welding shown here, the welding beam is relatively wide and depth of penetration is not 
enough. 

Fig. 2 (b) is a photograph by the welding method of the invention, showing metal 
structure of section of weld zone of sample welded in the condition of flow rate of inert gas 
of 40 L/min, oxygen of 30 mlVmin, mixing ratio of about 750 ppm of oxygen concentration, 
and gas nozzle caliber of 6 mm in diameter. In this case, as compared with Fig. 2 (a), the 
mode of penetration of welding is extremely improved, the welding bead width is relatively 
narrow, and a deep penetration is obtained. 
[Effects of the Invention] 

As described herein, the invention uses a welding shielding gas mixing inert gas 
and oxygen, and a sufBcient depth of penetration can be obtained, and moreover since the 
gas nozzle caliber of welding torch is limited at 4 to 7 mm^ in diameter, and the flow rate 
of welding shielding gas is 30 L/min or more, and hence consumption of tungsten electrode 
is decreased, and insufficient penetration and undesired welding heat deformation can be 
prevented, so that the quality may be enhanced. 
PBrief Description of Drawings] 

Fig. 1 is a block diagram of welding apparatus in an embodiment of the 
invention. 
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Fig« 2 shows photographs of metal structure of section of penetration of welding, 
(a) relating to the conventional welding method and (b) relating to the welding method of 
the invention. 

Fig. 3 is a model diagram showing outward flow of molten metal and mode of 
penetration. 

Fig. 4 is a model diagram showing inward flow of molten metal and mode of 
penetration. 
[Reference Numerals] 



1 Inert gas cylinder 

2 Oxygen cylinder 
3a, 3b Gas flow meter 

4a9 4b Flow rate throttling valve 

5 Gas mixing tube 

6 Welding torch 

7 Gas nozzle 
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Fig.2 
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